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Demilitarizing invasion
biology
Larson (Front Ecol Environ 2005;
3(9): 495–500) argues that scientists
need to change their terminology
when discussing alien species, so as to
reduce military associations. He
believes that militaristic terminology
promotes misunderstanding by the
public and encourages counterpro-
ductive militaristic policies against
invasive species. While Larson’s idea
strikes a chord among many of us who
disdain militarism, in particular when
applied to environmental issues, a
deeper examination suggests that his
assertion is misdirected and actually
promotes a non-scientific approach to
the alien species problem.
First, it should be pointed out that
militaristic terminology is common
in the pest management lexicon and
is by no means limited to discussions
of invasive species. For example,
brand names used by chemical com-
panies (eg “Combat”, “Warrior”,
“Ambush”) reflect the violent and
militaristic way that pest manage-
ment is often marketed. Even in the
scientific literature, the term “insect
enemy” is used as a synonym for
insect pest and “natural enemy”
refers to a biological control agent.
The concept of fighting insects
through war is not unique to alien
species and has existed for many
years; Leland Howard, Chief of the
USDA Bureau of Entomology
(1894–1927), was perhaps the great-
est proponent of war metaphors in
pest management (Edmund 2001). In
his autobiography, Fighting the insects,
Howard (1930) argued that insects
posed a threat to society and war-
ranted a response by the government
comparable to the Great War. I share
Larson’s dislike of military metaphors
and regret such usage to “sell” pest
management to the public, while
obscuring ecological complexities.
Superficially, Larson’s paper justly
criticizes the war metaphor, but I was
disturbed by his more subtle but per-
vasive critique of the use of eradica-
tion as a strategy for mitigating inva-
sions. In most of the invasion biology
literature, eradication is considered a
feasible strategy for eliminating
species, as long as populations are
detected in the early stages of estab-
lishment, but this is misrepresented in
his paper. In one example, Larson
objects to the use of helicopters by the
National Park Service for eradicating
exotic rat populations because it “can
be interpreted as both a symbolic and
a technological act of war”, yet he fails
to identify a practical alternative.
Exotic rats are a common cause of
extinction in island populations
(Blackburn et al. 2004) and their suc-
cessful eradication, in this example
from Anacapa Island, breaths new life
into efforts to preserve endangered
shorebird populations. 
While there is no shortage of exam-
ples of ill-fated eradication attempts,
there have also been many success
stories involving the removal of
exotic species, thereby preventing
severe impacts and/or environmental
damage associated with their post-
establishment management (see
Krajick [2005] for a recent summary).
In addition, there is scientific litera-
ture that can be used to predict when
and where eradication is likely to be a
viable option (eg Sharov and
Liebhold 1998). I hope that govern-
ment agencies make decisions about
eradication programs based mainly on
conservation science rather than
solely on symbolic appearances. 
There is little doubt among most
ecologists that biological invasions
represent one of the greatest threats
to the stability of the world’s ecosys-
tems. However, Larson’s paper points
us in the wrong direction by advocat-
ing resignation rather than providing
suggestions for feasible, proactive
approaches. Surely it is possible to
educate the public about the appro-
priate use of intervention, including
eradication, when necessary. Instead
of focusing exclusively on superficial
appearances of management pro-
grams, we should be concentrating on
how we can improve strategies to
exclude and eliminate (when possi-
ble) invaders that threaten to perma-
nently destroy the stability of the
world’s biota.
Andrew M Liebhold
Northern Research Station
USDA Forest Service 
Morgantown, West Virginia 26505
(aliebhold@fs.fed.us)
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The author replies
I thank Dr Liebhold for his response
to my article. I want to emphasize that
I did not advocate resignation, but
stated specifically that we don’t need
to give up. In fact, I believe that
recent scientific critiques of invasion
biology go too far (see Brown and Sax
2005), particularly in their limited
conception of values within science
(Larson, in prep). My paper was
meant to encourage critical reflection
rather than undermine passionate
beliefs about invasive species.
Unfortunately, Liebhold’s letter did-
n’t address the main points in my
paper, concerning our adherence to
militarism despite its liabilities. As
ecologists, we have valid concerns
about biodiversity loss due to invasive
species, but it is insincere to hide our
values with misleading language.
Gobster (2005) reviews social prob-
lems resulting from “fear-based” com-
munication about invasion biology,
and advocates reframing it as a restora-
tive and “hope-filled enterprise”. Such
alternatives need to be discussed, since
ecologists depend on taxpayers for their
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funding. While I to hope that govern-
ment agencies make decisions in part
based on sound science, I also hope
that more ecologists will become aware
of the pivotal role of “symbolic appear-
ances” in this process. Though politi-
cians use comparable “appearances” to
gain support for their policies, ecolo-
gists should be more forthright.
I was intrigued by the notion of a
“non-scientific approach” because of
the problems in Liebhold’s claims. For
example, I’m not convinced that eradi-
cation is necessarily “scientific”, and
would query whether the illusion of
militaristic victory that it provides
accounts for the disproportionate
attention it receives (Puth and Post
2005). The shorebirds of concern on
Anacapa Island are not endangered
(www.fws.gov/endangered), though
one could easily conclude so from the
eradication literature (see also Russell
et al. 2005). Finally, we would need
some evidence for the implied poll of
what ecologists think, but I suspect
many would be skeptical of the apoca-
lyptic claims about stability (see Brown
and Sax 2005; Didham et al. 2005). My
paper was simply meant to demonstrate
these and other ways in which invasion
biology is influenced by unwarranted
assumptions, particularly militaristic
ones. Ultimately, we require empirical
evidence for the effectiveness of how
we present invasive species and I hope
to have stimulated such research.
We live in a militaristic culture, at a
militaristic time, so it is difficult to per-
ceive invasive species creatively. I find
comfort in neither the continued reign
of a mentality from the 1920s nor in
the interweaving of military and pest
management technologies. We could
relate to these species in other ways.
Heberlein (2005), for example, discov-
ered that the Swedes do not even have
a word for “management” of wildlife,
instead adopting a less control-
oriented attitude of caretaking.
Unfortunately, there is no easy way to
evaluate invasive species, for they are
simultaneously natural entities and
human creations. Of one thing I am
certain – this too will pass, and we will
become more accepting of most inva-
sive species. As FH Bormann wrote in
the November 2005 issue of Frontiers,
“There are mysteries at work [in
nature], and we are a part of them”, so
we need to “develop human enterprise
designed to work with nature and not
against it”.
Brendon MH Larson
Biological Invasions IGERT 
Center for Population Biology
University of California Davis
CA 95616, USA 
(blarson@ucdavis.edu)
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Time for international
policies on biological
invasions
One of the most important environ-
mental threats our planet faces is inter-
continental biological invasions.
Invasions influence the health of our
planet, altering soil properties, ecosys-
tem function, agriculture, conserva-
tion, and human health. The approxi-
mate economic impact of the roughly
120 000 exotic species (fewer are truly
invasive) in Australia, Brazil, India,
South Africa, the UK and the US is
US$314 billion per year (Pimental et
al. 2000). Perhaps of even greater con-
cern is the threat invaders pose to con-
servation. We can protect ecosystems
from development and destructive
human activity with policies, but we
cannot currently protect ecosystems
from biological invasions – exotic
species have reached the most remote
corners of Earth, including Antarctica
and the Galapagos Islands (Rejmanek
2005). Like economy, disease, and ter-
rorism, biological invasions have
escaped regional control and become a
global issue. The implementation of
national policies, such as President
Clinton’s executive order on invasive
species (Order 13112, 3 February
1999), is important, but there are no
existing international policies for bio-
logical invasions. Several Acts intro-
duced in the US, such as the National
Aquatic Invasive Species Act and the
National Wildlife Refuge Assessment,
address exotic species invasions and
serve as potential models for interna-
tional policy, but in most parts of the
world even national and regional poli-
cies concerning biological invasion do
not exist. In India, for example, which
is rapidly becoming a driver of the
global economy, awareness of biologi-
cal invasions is lacking among the gen-
eral public and politicians.
International policies can promote
research on invasion by generating sci-
entific exchange programs between
countries that also exchange invasives,
by streamlining the processes by which
organisms from different areas of the
world can be studied comparatively,
and through exchange of technologies
for ecological restoration. Invasion
prevention will also benefit from glob-
ally organized and implemented joint
scientific and political efforts. Besides
focusing on the science of ecology,
new policies must include societal
decisions, economics, policy decisions,
planning, and education (Davis and
Slobodkin 2006). The battle against
exotic invasions is a multi-step pro-
cess that includes mapping of species
distribution, understanding the basic
ecology of species, estimating their
economic impacts, implementing
appropriate control methods, and
restoring areas where invaders have
been eliminated. Coordination of
efforts between countries will help to
avoid expensive duplication of effort
and will reduce costs by focusing local
scientific attention on data collection.
While there is already considerable
international collaboration among sci-
entists studying invasions, interna-
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tional political cooperation remains
limited. Politicians and activists focus
on CO2 emissions and global warming,
but do not take biological invasions as
seriously. The World Trade Organi-
zation and the General Agreement of
Tariff and Trade should consider inter-
nalizing invasion costs, which are not
reflected in market prices (Perrings et
al. 2005). Centers with regulatory
authority should be created for inva-
sive management, similar to the US
Centers for Disease Control (CDC;
Schmitz and Simberloff 2005). Simi-
larly, the Centre for Environmental
Management of Degraded Ecosystems
at the University of Delhi (India),
which is primarily engaged in the
restoration of natural ecosystems,
should be encouraged to focus on bio-
logical invasions. These centers would
provide a resource for researchers, pol-
icy makers, managers, and the public
for information on invasives. 
A global summit must produce a
memorandum of understanding to
curb biological invasions. The compo-
nents of international policies follow-
ing such a memorandum should in-
clude: (1) promotion of international
research; (2) internationally coordi-
nated assessments of environmental
and economic losses due to invaders;
(3) directed funding towards the study
of invaders in both native and new
ranges; and (4) development of centers
and institutes focused on international
invasives research. Without these
kinds of commitments, we will con-
tinue to pay the ever-increasing costs
of biological invasions.
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Science, policy and scientists
In his editorial, William Schlesinger
(Front Ecol Environ 2005; 3(10): 519.
2005) expressed a frustration shared
by many ecologists when he suggested
that science is marginalized in today’s
policy arena, and that rather than
advising policy development, envi-
ronmental scientists are currently
regarded as just another special inter-
est group. Why is this so? Schlesinger
explains that scientists are reluctant
to venture outside of academia to
communicate the importance of their
work. We offer another possibility:
scientists’ frequent use of value-laden
language and stipulation of preferred
policy outcomes in peer-reviewed
articles and formal communications
with the public and policy makers.
Failure to clearly delineate between
statements about science and those
about opinions on policy blurs the line
between scientists and special interest
groups, and may promote confusion
among policy makers regarding how to
interpret statements of scientific fact
or outcomes of research. In this way,
we may have unwittingly helped
reduce scientists to the status of special
interest groups and thus marginalized
science in the policy-making arena.
There is a difference between pro-
viding scientific or technical informa-
tion and applying such information to
policy development (Wells 1992).
Going beyond provision of informa-
tion about the possible consequences
of a proposed policy option to state
one’s policy preferences eliminates the
uniqueness of the contributions scien-
tists can make in the policy arena.
Politicians regularly receive and con-
sider such pleas from diverse groups
and, as such, a scientist is likely to be
perceived as just one of many stake-
holders with viewpoints on the policy
being developed (Wells 1992).
So how can scientists better inform
policy? One approach is to interpret
our science in ways that are meaningful
for policy makers, without stipulating a
policy preference. For example, the
statement “Important wetlands adja-
cent to and offshore of New Orleans
should be restored to avoid future losses
resulting from severe storms” could be
restated as “Restoration of X percent of
historical wetlands adjacent to and off-
shore of New Orleans would reduce the
impact of future storms by Y percent”.
The latter clearly interprets scientific
data in light of environmental conse-
quences, and provides government offi-
cials with information that is useful in
developing policy. It does not indicate
what policy should be developed, nor
should it. Science is but one piece of
information used by policy makers in
their deliberations.
We agree whole-heartedly with
Schlesinger’s call for “clear, forceful
statements of science” to inform pol-
icy, but we encourage scientists to
carefully acknowledge when they are
acting as scientific advisors and when
they are acting as advocates. Our care-
ful attention to this difference may
help environmental science regain its
rightful role in informing policy deci-
sions. To increase our opportunities to
inform policy discussions, we suggest
that scientists provide information
not only to policy makers, but also to
stakeholders on all sides of an issue.
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